The aim of the present work was to study the possibility of producing an effective bacteriocin from bacteria naturally exists in the mouth. Streptococcus salivarius KA101 was selected among 120 oral isolates collected from healthy people based on its ability to produce an effective bactericidal bacteriocin. Modified tryptic soy agar with 2% yeast extract and 0.1% calcium carbonate was the best medium for the production of bacteriocin with an activity of 40 AU/ml. Response surface methodology (RSM) based on central composite design (CCD) was employed to build a model in order to evaluate the optimum effective factors for bacteriocin production using four factors: yeast extract, CaCO 3 , pH and incubation time. Based on the optimization plot generated by RSM, the suggested optimal concentrations of yeast extract and CaCO 3 , as well as pH and incubation time for maximum bacteriocin production (80.2 AU/ml), were 13 g/l, 1.4 g/l, 7 and 24 hrs respectively. The results showed that bacteriocin was active for 30min at 20, 30 and 40˚C while 50% of its activity was lost at 50˚C. In addition, maximum bacteriocin activity was observed at pH 6 and 7 for 30min and disappeared completely at pH 4 and 9. Moreover, bacteriocin activity was completely lost after 90min of incubation with trypsin and pepsin which confirm its protein nature. Antimicrobial activity of bacteriocin was tested against 47 clinical isolates collected from patients suffering from different dental diseases. The results showed that the bacteriocin had an inhibitory activity against different isolates of S. mitis, S. mutans, S. oralis and Enterococcus.
Introduction
Genus Streptococcus is the dominant microflora commonly found in the oral bacterial community. Their ability to establish in the oral cavity by outcompeting other bacteria has been attributed to the production of bacteriocin. Among all the dominant streptococci of the oral cavity, S. salivarius is numerically the most significant colonist, especially on the tongue. It forms an important part of the normal flora of the human oral cavity and upper respiratory tract. It is considered as one of the first microorganisms to be established in the mouth of infants. Streptococcus salivarius is Gram-positive bacteria, a species of lactic acid bacteria family produce at least two kinds of antimicrobial peptides that generally make this bacterium associated with health by keeping the oral cavity healthy and protected [1] . It was reported that some strains of S. salivarius can produce many antibiotics like bacteriocins [2] .These bacteriocins have been reported to inhibit some oral pathogens such as Corynebacterium diphtheriae, Streptococcus pneumonia and Streptococcus pyogenes [3] .
Several methods were used to enhance and optimize bacteriocin production which already developed due to the potential importance of bacteriocins producing strains in replacement therapy [4] . Optimization of bacteriocin production and enhancement of its activity are important to reduce the production cost [5] .
Response surface methodology (RSM) is a statistical method that involves individual and interaction effects of variables to improve production and to build models to evaluate the effects of factors for a desirable response. RSM was successfully used in many areas of biotechnology, including some recent studies on optimization of bacteriocin production [6] . The aim of the present work was to study the possibility of producing an effective bacteriocin from bacteria naturally exists in the mouth. In fact, the aim was basically based on exploiting the interspecies interactions among oral microflora in order to produce active bacteriocin against some oral pathogens.
Materials and Methods

Isolation of oral microflora
One hundred oral samples were collected from healthy individuals who had refrained from eating, drinking and oral hygiene for 2 hours before collection. The total bacterial isolates obtained were 120 isolates which were identified based on the morphological identification and cultural characteristics of each isolate (data not shown). Brain heart infusion medium (BHI) and Mitis salivarius agar (MSA) were used in the isolation under aerobic and anaerobic conditions respectively.
Screening of isolates for bacteriocin production
All isolates were subjected to the screening process in order to select the higher bacteriocin producing isolate that can be used for further experiments. Agar plug diffusion assay was carried out among the isolates to investigate the antagonism activity and competitive behavior against each other. The assay was performed for 120 isolates in 12 experiments; each one involved testing 10 isolates against each other. Briefly, Plugs of 0.5 cm in diameter was made with a sterile cork borer from each isolate grown overnight on BHI agar at 37ºC under Microaerophilic conditions. The plugs were then placed on the plate surface of Mullar-Hinton agar streaked with 200 μl containing approximately 1×10 8 cells/ml of an overnight growth culture of another oral isolate. Plates were then incubated overnight under the same conditions. Isolates showed antimicrobial activity were selected for secondary screening by well diffusion assay which was used to evaluate the production of bacteriocin of each isolate [7] .
Determination of the Optimal Production Medium
Seven culture media were tested in order to select the one that can support the maximum production of bacteriocin. These media were varied in their contents of carbon and nitrogen sources included: Nutrient broth (NB), Brian heart infusion broth (BHI), Tryptic soya broth (TSB), modified (TSB), Todd Hewitt broth (THB), MRS Broth, modified MRS.
Optimization Using Response Surface Methodology (RSM)
Response surface methodology (RSM) based on central composite design (CCD) was used with four independent parameters to optimize bacteriocin production by the selected isolate. The four important factors, which affect the response (bacteriocin production), involved yeast extract, CaCO 3 , pH and incubation time. The factors and their range (low and high level) uploaded to the RSM program is presented in Table- 1. The RSM was set with one replication for each factorial, and five replication of the center point. The data were generated by using the design expert 7 Software. The total numbers of experiments were 29 runs each one represented the interaction between the independent variables in one flask. Partial purification of bacteriocin Partial purified of bacteriocin was prepared via precipitation with ammonium sulfate. A cell-free supernatant (CFS) of the production isolate KA101 was prepared from 300ml of an overnight growth culture by centrifugation at 8000 rpm for 30 minutes at 4°C. Precipitation was performed by adding solid ammonium sulfate to the CFS with different saturation levels (20, 30, 40 , 50, 60, 70, 80) % (w/v). Each saturation level was dialyzed separately in phosphate buffer using dialysis membrane tube (3000 kDa MW cutoff). Finally, the antibacterial activity (AU/ml) of the dialyzed protein was determined by agar well diffusion method.
Characterization of bacteriocin Stability of bacteriocin
Bacteriocin was exposed to different temperatures (30, 40, 50, 60, 70, 80, 90) °C for 10 min followed by cooling in an ice-bath. The residual activity was then determined by agar -well diffusion technique. In addition, bacteriocin was treated with either 0.1 N HCI or 0.1 N NaOH to obtain the desired pH values between 4 and 9. The pH adjusted crude solutions were then incubated for 30 min. Then aliquots from each crude solution were neutralized and activity was measured by agar well diffusion technique.
Pepsin and trypsin were used for testing the sensitivity of partially purified bacteriocin. 10 mg of each enzyme was dissolved in 1ml of potassium phosphate buffer (0.1 M and pH 7.0), then 1 ml of proteolytic enzyme was added to test tube containing 9 ml bacteriocin with activity 80AU/ml to obtain a final concentration of 1mg enzyme/ml. 10ml bacteriocin with activity 80AU/ml without adding proteolytic enzyme was used as a control. All tubes were incubated at 37 o C and bacteriocin activity was measured at (zero, 30, 90) min by agar well diffusion method.
Mode of bacteriocin action
The mode of action of bacteriocin was investigated as follow: One ml of partially purified bacteriocin was added to 10 ml of an overnight culture of the indicator isolate KA109. Then, the optical density was measured at 600 nm at zero time and after 10, 30, 60 and 120 min of incubation at 37 o C in order to check if there is any bacterial growth in the bacteriocin containing culture. Control was prepared by adding 1 ml of distilled water instead of bacteriocin to the indicator culture.
Analytical methods
Determination of bacteriocin activity
Bacteriocin activity was detected using the critical dilution assay [7] . Briefly, a twofold dilution series of free cells culture supernatant of the producing isolate Streptococcus salivarius KA101were
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Iraqi Journal of Science, 2018, Vol. 59, No.1C, pp: 463-475 466 prepared and bacteriocin activity was determined in each dilution against Lactococcus lactis KA109 using agar well diffusion assay. The highest dilution creating a detectable inhibition zone (DF) reflected the strength of bacteriocin activity. The bacteriocin activity which is known as arbitrary unites (AU) was determined using the following equation:
Determination of protein concentration
Protein concentration was determined following the procedure described by Bradford [8] .
Assessment of in vitro antibacterial activity of bacteriocin
The Spectrum activity of bacteriocin produced by Streptococcus salivarius KA101 was determined against clinical bacterial isolate collected from patients from different private dental clinics in Baghdad city. The total number of clinical samples was 47 involved 12 S. mitis, 15 S. mutans, 10 S. oralis and 4 isolates of Enterococcus which were taken from patients suffering from dental caries, plaque and periodontal diseases. All isolates obtained were streaked on the selective medium Mitis Salivaris Agar, which then incubated at 37°C for 48h under anaerobic conditions in a candle jar. The assessment was performed by two methods: well diffusion method and agar plug diffusion method [9] [10].
Results and Discussion
In order to colonize the oral cavity, microflora undergoes extensive inter-species interactions which confer survival advantages in the environment of the oral cavity. Since the oral environment is very competitive, it is speculated that bacterial species isolated from such environment may produce inhibitory substances against each other. In fact, the main goal of this work was to investigate the production of these compounds particularly bacteriocins. Therefore, all isolates were subjected to the screening process in order to discover and select the higher bacteriocin producing isolate that can be used for further experiments in this study. The screening process was performed among the isolates to investigate the competitive activities against each other and to determine whether isolates could inhibit the growth of common oral bacterial species. As mentioned earlier, the assay was performed for 120 isolates in 12 experiments; each one involved testing 10 isolates against each other. Agar plug diffusion method was used to examine the antagonism among the isolates. Table-2 shows the antagonism inhibitory effect among the isolates KA1 to KA10; the rest of results for other isolates are not shown in this paper to avoid lengthening. Results showed that out of 120 isolates, 32 were able to produce bacteriocins with different size of inhibition zones and therefore were selected for the secondary screening. 
Secondary screening was achieved by well diffusion assay against the same isolates that showed sensitivity. Based on results, the bacteriocin produced by the isolate KA101was active against three isolates; KA102, KA104, and KA109 with an activity of 10, 10 and 20AU/ml respectively. Accordingly, the isolate KA101 was selected as the most active isolate for bacteriocin production and thereafter, was chosen for further experiments in this study. In addition, isolate KA109 was chosen to be used as an indicator. The two isolates were Gram positive cocci arranged in pairs and short chains, catalase negative and did not induce hemolysis (Gamma hemolysis). Furthermore, results revealed that KA101 and KA109 were optochin and bacitracin resistant by disc diffusion method. These isolates were subjected to analytic profile index (API 20strep) which revealed that the isolate KA101 was Streptococcus salivarius and the isolates KA109 was Lactococcus lactis.
The selected isolate S. salivarius KA101 was subjected to different optimization experiments to determine the optimum conditions for bacteriocin production. These experiments included culture media, concentration of yeast extract and CaCO 3 , pH and incubation time. Some physical parameters that were not investigated in this study have been adjusted according to the literature such as temperature [11] .
Maximum production of bacteriocin by S. salivarius KA101was observed in the modified tryptic soy broth (modified TSB) with an activity of approximately 40 AU/ml Figure-1 . The findings of the current study are consistent with those of Barbour (2013) who found that TSB medium containing yeast extract and calcium carbonate produced high titers of bacteriocin by S. salivarius. Specific medium supplements showed the different effect on the production of bacteriocins by Grampositive bacteria. Some of these supplements enhanced bacteriocins production such as yeast extract [12] [13] and calcium carbonate [14] [15]. Response surface methodology (RSM) was employed to build a model in order to evaluate the optimum effective factors for bacteriocin production and study their interactions. Since it is an experimental strategy in which designed variables are varied together, instead of one factor at the time. The set of RSM based on central composite design (CCD) was achieved using design expert software. The statistical optimization set was included four factors: yeast extract, CaCO 3 , pH and incubation time to obtain the highest response (bacteriocin concentration). The statistical optimization set was done with one replication for each factorial, and five replications of central point generating 29 runs for the prediction of response as shown in the Table-3 with the actual and predicted values of response. Experimental design and results of central composite design were analyzed by contour plot which describes the response over interactions among independent variables rang. The resulting graphics gave an excellent clarification for the effects of yeast extract, CaCO 3 , pH and incubation time on bacteriocin production.
Contour plots in Figure-2A demonstrated the maximum bacteriocin concentration as a red area which illustrated the highest bacteriocin production 81.16 AU/ml with the combination of 13 g/l yeast extract and 1.4 g/l CaCO 3 when pH and incubation time hold on 7 and 24hrs respectively. Whereas maximum bacteriocin production reached to 80.585 AU/ml at a concentration of 13 g/l yeast extract with pH 7 when CaCO 3 and incubation time were hold at 1.4 g/l and 24hrs respectively Figure-2B . Moreover, the same trend was observed in the contour plot presented in Figure- highest bacteriocin production at 80.585 AU /ml can be achieved where the concentration of yeast extract and incubation time were converging at 13 g/l and 24hrs when concentration of CaCO 3 was held at 1.4 g/l and pH at 7. In addition, the contour plot presented in Figure-2D revealed that maximum bacteriocin production of 80.7 AU/ml can be obtained at pH equal to 7 and the CaCO 3 at 1.4 g/l when the concentrations of yeast extract and incubation time were held at 13 g/l and 24hrs respectively. Contour plot in Figure-2E demonstrated that the highest production of bacteriocin 80.707 AU/ml can be attained with a combination of CaCO 3 at 1.4 g/l and 24hrs incubation time when yeast extract and pH hold at 13 g/l and 7 respectively. Finally, the result in figure, Figure-2F shows the corresponding contour and response surface plot for bacteriocin production with various pH values and different incubation time. The maximum bacteriocin production of 79.33 AU/ml can be achieved at pH 7 and 24hrs incubation time with yeast extract and CaCO 3 hold at 13 g/l and 1.4 g/l respectively. Where Y is bacteriocin activity AU/mL, A is yeast extract g/l, B is CaCO3 g/l, C is PH and D is incubation time hr.
The statistical significance of equation was checked by F-test and the analysis of variance (ANOVA) as given in Table- 4. The F-value of 36.87 implies that the model is significant and the values of "Prob > F" which is less than 0.0500 also indicated that the model terms are significant. Furthermore, in this case A, B, C, BD, CD, A2, B2, C2, D2 are significant model terms. Values greater than 0.1000 indicate that the model terms are not significant since p-value is used as a tool to check the significance of each factor. The goodness of the model can be made by the determination coefficient (R2) and the correlation coefficient (R) [17] . The predicted R-Squared of 0.8428 is in reasonable agreement with the adjusted R-Squared of 0.9472. This result means that 94.72% of the total variation data of bacteriocin production can be described by the selected model. The CCD was applied in the present study to determine the optimum process variables for bacteriocin production by S. salivarius KA101. Based on the regression model, an optimization plot can be generated using the Design expert 7 software to determine the optimum conditions for maximum response (bacteriocin). As can be seen from ramp charts presented in Figure-3 , the suggested optimal concentrations of yeast extract and CaCO 3 , as well as pH and incubation time for maximum bacteriocin production (80.2 AU/ml), were 13 g/l, 1.4 g/l, 7 and 24 hrs respectively. On the other hand, a bacteriocin produced by S. salivarius KA101 was precipitated from the culture supernatant saturated with different concentrations of ammonium. Maximum bacteriocin precipitation was obtained at 50% saturation level with an activity of 80 AU/ml and specific activity 131.14 AU/mg. Investigation of thermal stability revealed that bacteriocin was remained stable after 30min at 20 to 40°C however, approximately 50% of bacteriocin activity was lost after exposure to 50°C and only 20% of its activity was remained upon exposure to 60°C. In addition, bacteriocin activity showed stability at pH 6 and 7 in which bacteriocin kept its stability of 80 AU/ml for 30 min whereas, it decreased to approximately 50% at pH 5 and 8 and no activity was observed at pH 4 and 9 Figure- Furthermore, the results in Figure-5 showed that bacteriocin activity was reduced to 45 and 60 % after 30 min of incubation with trypsin and pepsin respectively and the activity was completely lost after 90min which confirm the protein nature of bacteriocin.
The mode of action of the partial purified bacteriocin produced by S. salivarius KA101 was studied using Lactococcus lactis KA109 as an indicator strain. As can be seen in Figure-6 , a significant decrease in the optical density at 600 nm was detected in the tube contained Lactococcus lactis KA109 De sira b ility = 1 .0 0 0
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Iraqi Journal of Science, 2018, Vol. 59, No.1C, pp: 463-475 472 culture with bacteriocin. Whereas, the absorbance was somewhat increased in the control (tube without bacteriocin). These results suggest that the bacteriocin has a bactericidal effect rather than bacteriostatic. The partial purified bacteriocin produced by S. salivarius KA101 was tested against several clinical bacterial isolates collected from patients suffering from dental caries, supragingival dental plaque and periodontal disease including gingivitis microorganisms. Two methods were used to test the antimicrobial activity of bacteriocin: well diffusion and agar plug diffusion method. Well diffusion method is considered as the most sensitive assay than other screening methods to determine the antibacterial activity [18] . Whereas, agar plug diffusion method is often used to investigate the competitive behavior among microorganisms. Results showed that bacteriocin produced by S. salivarius KA101 was significantly active against 6, 9, 3 and 3 isolates out of 12 isolates of S. mitis, 15 S. mutans, 10 S. oralis and 4 isolates of Enterococcus respectively. According to results, it can be suggested that the bacteriocin could play a role in determining the composition of plaque caries, and gingivitis in vivo [19] . Furthermore, the results of agar plug assay revealed that isolate S. salivarius KA101 had a considerable antagonism capability against many isolates which reflect a competitive behavior for this isolate against other oral bacteria Table-5, [20] . Streptococcus salivarus strains are safe and can be colonized and persist in the oral cavity [21] . Therefore, the results of this study, while preliminary, suggests that S. salivarius KA101 can be an attractive to investigate for potential oral probiotic because of antagonism behavior capability. The effectiveness of using probiotic for promoting health or treatment of infectious diseases via artificially utilizing commensally bacteria is in growing interest [22] . Many strains of S. salivarius such as strains K12 and M18 are now being used as probiotics worldwide due to their capability of producing different kinds of bacteriocins [23] .
Teughels and co-workers [24] reported that inflammation and subgingival recolonization by periodontal bacteria were considerably decreased following treatment with oral S. salivarius. Furthermore, a strain of S. salivarius displaced Streptococci mutans in the oral cavity and consequently inhibited caries development [25] . Moreover, examination of the oral bacteria of volunteers who suffer from halitosis showed an absence of S. salivarius. However, colonization of bacteriocin producing S. salivarius in the oral cavity of those volunteers led to extensively reduce the level of oral malodor. Therefore, S. salivarius is used in combination with a chlorhexidine mouth rinse, a germicidal mouthwash, to reduce halitosis [26] .
Conclusion
In disease control, bacteriocin can solve some of the most challenging problems of multi-drug resistant pathogens which became a serious problem. Some of the oral isolates can produce bacteriocins when tested against each other in both well diffusion method and agar plug diffusion method. Streptococcus salivarius which is oral microflora showed a significant inhibitory activity against several clinical oral pathogenic Streptococci. Using Streptococcus salivarius and/or its purified bacteriocin as probiotics in toothpaste can provide protection against bacterial infection. In fact, clinicians need to be aware of the beneficial properties of the resident microflora, and their treatment strategies should be focused on the control rather than the elimination of these organisms, especially in dental plaque, dental caries and periodontal disease.
